This experiment was designed .to study follicular development at various days of the estrous cycle in intact gilts for comparison with follicular growth following the removal of surface follicles from the ovaries by electrocautery at different stages of the estrous cycle. Thirty-five Yorkshire-Poland China gilts were divided equally into seven subgroups. Four of the subgroups served as controls and were slaughtered on day-2, -8, -14 or-20 of the estrous cycle (day-0 = first day of estrus), respectively, and three of the subgroups were subjected to follicle-cautery on day-2,-8 or -14 of the estrous cycle, respectively, and were slaughtered 6 days after surgery. The following cyclical variations in follicular development were found in the intact control gilts: (1) the weight of the ovarian fluid increased (P<.05) to day-8, decreased (P<.05) to day-14 and then increased (P<.05) to day-20; (2) the number of small follicles (1 to 2 mm dia.) did not differ significantly among day-2, -8 and -14, but was reduced (P<.01) at day-20; (3) the number of medium follicles (3 to 6 mm dia.) and the total ~This work was done under a cooperative agreement between the number of follicles increased (P<.01) from day-2 to -8, remained approximately the same from day78 to -14 and then decreased (P<.01) to day-20; (4) the number of large follicles (7 to 10 mm dia.) was low throughout the first three stages and then increased (P<.01) at day-20; and (5) the mean diameter of the four largest follicles increased (P<.01) from day-2 to -8, decreased slightly to day-14 and then increased (P<.01) in diameter to day-20. Resuits in the follicle-cautery gilts were: (1) no significant differences in the ovarian endpoints' measured six days following surgery at day-2 or day-8 and (2) fewer (P<.01) small and medium follicles and total number of follicles, but more (P<.01) large follicles and a greater (P<.01) diameter of the four largest follicles at day-20 than at day-8 or day-14. Comparisons between the control and follicle-cautery gilts at the same day of the estrous cycle showed the following: (1) the control gilts had more (P<.01) ovarian fluid than the follicle-cautery gilts at day-8; (2) there were not any significant differences between the control and follicle-cautery gilts in any of the ovarian follicular endpoints at day-14; and (3) the control gilts had more ovarian fluid (P<.05), more small follicles (P<.01) and more extra-large follicles (>10 mm dia., P<.05) but fewer medium follicles (P<.01) than the follicle-cautery gilts at day-20. The particular surface follicles which have the potential to ovulate, appear to start their macroscopically-visible growth between day-8 and -14 of the estrous cycle.
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SUMMARY
This experiment was designed .to study follicular development at various days of the estrous cycle in intact gilts for comparison with follicular growth following the removal of surface follicles from the ovaries by electrocautery at different stages of the estrous cycle. Thirty-five Yorkshire-Poland China gilts were divided equally into seven subgroups. Four of the subgroups served as controls and were slaughtered on day-2, -8, -14 or-20 of the estrous cycle (day-0 = first day of estrus), respectively, and three of the subgroups were subjected to follicle-cautery on day-2,-8 or -14 of the estrous cycle, respectively, and were slaughtered 6 days after surgery. The following cyclical variations in follicular development were found in the intact control gilts: (1) the weight of the ovarian fluid increased (P<.05) to day-8, decreased (P<.05) to day-14 and then increased (P<.05) to day-20; (2) the number of small follicles (1 to 2 mm dia.) did not differ significantly among day-2, -8 and -14, but was reduced (P<.01) at day-20; (3) the number of medium follicles (3 to 6 mm dia.) and the total ~This work was done under a cooperative agreement between the Research Division of the College of Agricultural and Life Sciences, University of Wisconsin, and the Animal Husbandry Research Division, A.R.S., U.S.D.A., and supported in part by Cooperative U.S.D.A.-C.S.R. S., number of follicles increased (P<.01) from day-2 to -8, remained approximately the same from day78 to -14 and then decreased (P<.01) to day-20; (4) the number of large follicles (7 to 10 mm dia.) was low throughout the first three stages and then increased (P<.01) at day-20; and (5) the mean diameter of the four largest follicles increased (P<.01) from day-2 to -8, decreased slightly to day-14 and then increased (P<.01) in diameter to day-20. Resuits in the follicle-cautery gilts were: (1) no significant differences in the ovarian endpoints' measured six days following surgery at day-2 or day-8 and (2) fewer (P<.01) small and medium follicles and total number of follicles, but more (P<.01) large follicles and a greater (P<.01) diameter of the four largest follicles at day-20 than at day-8 or day-14. Comparisons between the control and follicle-cautery gilts at the same day of the estrous cycle showed the following: (1) the control gilts had more (P<.01) ovarian fluid than the follicle-cautery gilts at day-8; (2) there were not any significant differences between the control and follicle-cautery gilts in any of the ovarian follicular endpoints at day-14; and (3) the control gilts had more ovarian fluid (P<.05), more small follicles (P<.01) and more extra-large follicles (>10 mm dia., P<.05) but fewer medium follicles (P<.01) than the follicle-cautery gilts at day-20. The particular surface follicles which have the potential to ovulate, appear to start their macroscopically-visible growth between day-8 and -14 of the estrous cycle. (Key Words: Swine, Estrous Cycle, Follicular Development.)
INTRODUCTION
Studies on the differences in number and size of follicles associated with differences in ovulation rate in the Poland China, Yorkshire and their reciprocal crossbred gilts have been focused on particular stages of the estrous cycle
1105
JOURNAL OF ANIMAL SCIENCE, Vol. 41, No. 4, 1975 (Clark et al., , 1973 Dailey, 1973; Dailey et al., 1972) . It must be recognized, however, that the total follicular development of the ovary is the result of positive and negative factors acting simultaneously-follicular growth and follicular atresia. During the estrous cycle Robinson and Nalbandov (1951) showed maximum follicle numbers during the period of day-8 to -13 and again on day-20, with day-14 to -18 being lower than the two above mentioned times. The mean diameter of the four largest follicles (Kirkpatrick et al., 1967) increased from day-2 to -10, then decreased to day-14, followed by a significant increase to day-18. A similar pattern was found for follicular fluid weight (Short et al., 1968) . More than one wave of both follicular growth and atresia during the estrous cycle have been reported for some species. Methods for measuring follicular growth during successive phases of the estrous cycle are needed in studies of their relation to ovulation rate. This experiment was designed to study follicular development at various days of the estrous cycle in intact control gilts and to study follicular growth following the removal of macroscopically visible surface follicles from the ovaries of gilts by electrocautery at different stages of the estrous cycle.
MATERIALS AND METHODS
Thirty-five Yorkshire-Poland China crossbred gilts (average age of all gilts was 256 days) were divided into two groups, control and treated. The 20 control gilts were divided randomly into four subgroups of five each: (a) slaughtered on day-2 of the estrous cycle (day-0 = first day of estrus); (b) slaughtered on day-8 of the estrous cycle; (c) slaughtered on day-14 of the estrous cycle; and (d) slaughtered on day-20 of the estrous cycle. The 15 gilts assigned randomly to the treated group were divided into the following three subgroups of five each: (a) subjected to surgery (follicle-cautery) on day-2 and slaughtered on day-8 of the estrous cycle; (b) surgery on day-8 and slaughtered on day-14 of the estrous cycle; and (c) surgery on day-14 and slaughtered on day-20 of the estrous cycle.
All gilts were checked once daily for estrus with a vasectomized boar. The control gilts were not subjected to surgery. The treated gilts were injected with 1 g sodium thiamylal to induce anesthesia which was maintained during surgery by a mixture of nitrous oxide, oxygen and halothane (Dziuk et al., 1964) . A midventral laparotomy was performed and the ovaries were exposed. The macroscopically visible surface follicles were destroyed by cauterization with an electrosurgical unit. The tip of the cauterizer was activated and then introduced into each follicle.
At slaughter the reproductive organs were removed. The ovaries were trimmed free from the mesovaria and weighed. The macroscopically visible surface follicles were measured by the use of calibrated wire loops with each follicle being punctured as measurii was completed. The corpora lutea (CL) were dissected from the ovary, counted and weighed. The ovarian residue was then sliced finely, blotted and weighed. The weight of the ovarian fluid, presumed to be mostly follicular fluid, was determined by taking the difference between the fresh ovarian weight and the combined weights of the CL and the processed ovarian residue.
The data were analyzed by analysis of variance and Duncan's New Multiple Range Test (Steel and Torrie, 1960) . The data for ovarian fluid weight and the mean diameter of the four largest follicles were transformed to logl0(X). The data for the number of follicles were transformed to logl0(X + 1). For the purposes of statistical analysis the follicle diameter frequencies were grouped arbitrarily as follows: small follicles (1 and 2 mm dia.), medium follicles (3 to 6 mm dia.), large follicles (7 to 10 mm dia.), extra-large follicles (~10 mm dia.) and total number of follicles.
RESULTS AND DISCUSSION
Follicular Development in the Control Gilts.
The results are summarized in table 1. The weight of the ovarian fluid was lowest at day-2, increased to day-8, decreased to day-14 and then increased to day-20 (each P~.05). The difference of 1362 mg between day-8 and day-20 was not statistically significant.
The number of small follicles did not differ significantly between days-2, -8 and -14 of the estrous cycle. However, at day-20 the number of small follicles was significantly reduced from that of the three other stages (P~.01). The number of medium follicles was low at day-2, increased (P~.01) to day-8, remained approximately the same to day-14 and then decreased (P<.01) from day-14 to -20. The number of large follicles remained low through the first three stages of the estrous cycle, but increased at day-20 (P<.01). The number of extra large follicles did not differ significantly among days-2, -8 and -14. However, between day-14 and -20, the number increased from .0 to .4 (P<.05). The total number of follicles increased from day-2 to -8, remained approximately the same from day-8 to -14 and then decreased to day-20 (both P<.01).
The four largest follicles increased from an average of 3 mm in diameter at day-2 to 6 mm at day-8; (P<[.01); then decreased to 5 mm in average diameter at day-14, but increased to 9.1 mm at day-20 (P<.01).
The cyclical variations found in the amount of ovarian fluid, noted above, showed the largest amounts to be present on day-8 and -20 of the estrous cycle. Similar variations have been shown by Kirkpatrick et al. (1967) and Short et al. (1968) . The high values noted in the present study at day-8, low at day-14 and high again at day-20 resulted from the presence of large and extra-large follicles at both day-8 and -20 and their absence at day-14 of the estrous cycle.
Approximately 96% of the follicles were 1 and 2 mm in diameter, less than 4% were 3 to 6 mm in diameter and less than 1% of the follicles were greater than 7 mm in diameter at day-2. The large follicles that were present most likely were follicles that had failed to ovulate or that were too small to respond to the ovulatory stimulus at estrus. However, between day-2 and -8, there was a great increase in the number of medium follicles while there was no net change in the number of small follicles. Also, there were a few large and extra-large follicles present at day-8. The follicle population at day-14 was made up entirely of small and medium follicles ; there being no significant net change from those present at day-8. Between day-14 and -20, some of the medium follicles were transformed into large follicles, while the net change in small and medium follicles was negative, i.e., the number lost was much greater than the number of new follicles. Approximately 65% of the follicles were greater than 7 mm in diameter at day-20. The total number of follicles increased to day-8, plateaued to day-14, then decreased sharply to day-20. Similar changes in the numbers of follicles during the cycle have been reported (Parlow et al., 1964; Kirkpatrick et al., 1967; Dailey, 1973) .
The cyclical variations in ovarian fluid weight and the diameter of the four largest follicles in this study are in contrast to the idea put forth by ealier workers that follicular growth during the estrous cycle is a gradual increase in size of the same follicles following ovulation (Corner, 1921a,b; McKenzie, 1924 McKenzie, , 1926 Burger, 1952) . The data of the present study, however, support their results to the extent that a few days prior to estrus a very rapid increase occurs in the size of the remaining follicles. It seems most unlikely that a follicle, once it reaches the vesicular stage, can grow to a certain size, regress or even stay the same for a period of time and then become revived and grow again to ovulatory size. Therefore, it would appear that the follicles that ovulate at the next estrus are small in diameter, with a small absolute growth rate during most of the cycle and then increase rapidly in absolute diameter late in the cycle.
Cyclical variations in 'the levels of progesterone, estrogen and FSH presumably are associated with the observed changes in follicular development. Changes in the total number of follicles appear to parallel the changes in circulating levels of progesterone during the estrous cycle (Stabenfeldt et al., 1969; Tillson et al., 1970; Henricks et al., 1972) . Whether or not there exists a causal relationship between the levels of progesterone and follicular development is not known. However, a positive association was found between follicular development and the number of corpora lutea on the individual ovary during the luteal phase but not during the follicular phase of the estrous cycle (Clark et al., 1971; 1975) . Circulating levels of estrogen also may be associated with follicular development during the estrous cycle. The level of estrogen increased from day-2 to -4, fluctuated around a base line until day-14 to -15 and then increased reaching a maximum just prior to estrus; it then declined to the lowest level during the estrous cycle at day-2 (Henricks et at., 1972) . Studies on the circulating levels of FSH have been reported (Rayford et al., 1973 (Rayford et al., ,1974 Wilfinger et al., 1973) : at the day prior to estrus, it was the lowest and then increased to a maximal level between day-2 and -3. The level declined slowly to day-5 or -7 and then declined further to the lowest value on the day before estrus. A secondary peak of shorter duration than the postovulatory peak occurred between day-8 and -14. Therefore, the 2 peaks in FSH may be associated with the cyclical ]-109 peaks Seen in ovarian fluid weight and the diameter of the four largest follicles observed during the estrous cycle in the present study.
Follicular Development in Gilts Following
Cautery of Follicles. It was assumed for each of the follicle-cautery subgroups that the number of visible follicles was reduced on the day of surgery to zero. Measures of follicular endpoints then represented net follicular growth during the 6 days before slaughter. Growth during the intervals day-2 to -8 and day-8 to -14 did not differ significantly (table 1) . However, there were significant differences in growth during the first two intervals and the third interval (day-14 to -20). The 6-day production of ovarian fluid was greater by 1125 mg, the number of small and medium follicles was less by 14 and 32, respectively, the number of large follicles was greater by 5.7, the total number of follicles was less by 41 and the mean diameter of the four largest follicles was greater by 3 mm (all P<.01) in the day-20 slaughter group as compared to either the day-8 or -14 groups.
Thus, the amount of follicular growth that occurred following electrocautery of ovarian follicles was greatest between day-14 and-20. This corresponds closely to the follicular phase in normal cycling gilts and is the same period in which the largest new growth occurred in the control animals. Changes in follicular development was parallel in the follicle-cautery gilts and in the control gilts: the number of small and medium follicles as well as the total number of follicles decreased significantly from day-14 to -20 in both, while the number of large follicles, the weight of the ovarian fluid and the mean diameter of the four largest follicles increased significantly.
Comparisons between Control and FollicleCautery Gilts. The control gilts had more ovarian fluid than the follicle-cautery gilts at day-8 (P<.01), however, differences in the other ovarian endpoints between control and follicle-cautery gilts at that stage were not significant (table 1). The control gilts had only insignificant differences in the ovarian endpoints from the follicle-cautery gilts at day-14. However, the control gilts had more ovarian fluid (P<.05), small follicles (P<.O1) and extralarge follicles (P<.05) than the follicle-cautery gilts at day-20; whereas, the follicle-cautery gilts had more medium follicles than the control gilts (P<.01). The other ovarian endpoints were not significantly different between control and follicle-cautery gilts at day-20.
One purpose for examining the control and follicle-cautery data together was to estimate the ages of the follicles that are seen at a given time by comparisons of the amount of ovarian fluid, numbers of follicles of the various sizes and mean diameter of the four largest follicles. There is the possibility which has been ignored, that the removal of follicles (sources of estrogen) enhances gonadotropin release, and consequently the amount of follicle growth is greater during the 6 days following cautery as compared to the controls.
A disparity existed in ovarian fluid weight and number of follicles at day-8 between the control and follicle-cautery gilts. There was a significant difference in the ovarian fluid weight but not in the total number of follicles. This disparity was probably due to a change in the number of follicles between their size classes which greatly influenced the ovarian fluid weight without changing the total number of follicles significantly. The control gilts had a few large and extra-large follicles at day-8 which added greatly to the ovarian fluid weight but little to the number of follicles. Therefore, it would appear that some of the follicles thwc were present in the control gilts at day-2 contributed significantly to the weight of the ovarian fluid at day-8 to give the difference seen between the control and follicle-cautery gilts. The amount of ovarian fluid at day-14 was approximately equal between control and follicle-cautery gilts with no significant differences in the numbers of follicles of the various sizes. Follicular development was similar in the control and follicle-cautery gilts between day-8 and day-14; therefore, it is not necessary to postulate any carry over of follicular development that had occurred prior to day-8 in the control gilts because all of the follicular development seen in the control gilts could have occurred following day-8 just as it did in the follicle-cautery gilts. There was less difference in the number of follicles at day-14 and day-20 in the follicle-cautery gilts than in the control gilts with the total number of follicles at day-20 being approximately the same. However, there was a shift in the numbers of follicles in the various size classes. In the control gilts approximately 16, 19 and 65% of the follicles were in the small, medium and large plus extralarge size classes, respectively, while in the follicle-cautery gilts, 0, 70 and 30% were in the small, medium and large plus extra-large classes. Since no significant differences existed between the control and follicle-cautery gilts in the total number of follicles at day-20, the greater ovarian fluid weight in the control gilts was due to greater follicular size. Therefore, the largest follicles that were present at day-20 in the control gilts had started their development prior to day-14 and contributed significantly to the weight of the ovarian fluid at day-20.
Cautery of follicles at day-8 did not modify the ovarian fluid weight or the number of follicles or the size distribution of follicles at day-14 as compared to the control gilts. Cautery at day-14, however, did modify the ovarian fluid weight and the size distribution of follicles but not the number of follicles at day-20. It would appear from these comparisons, therefore, that the particular surface follicles which have the potential to ovulate, start their macroscopically-visible growth between day-8 and -14 of the estrous cycle. Based on the above comparisons, the maximum life of a macroscopically-visible follicle is approximately 12 days. Dailey (1973) has estimated that it takes 15.5 days for a follicle to grow from the secondary stage (.05 mm in dia.) to the pre-ovulatory stage (11 mm in dia.). He hypothesized that "the fate of follicles is determined by the particular endocrine status of the animal when the follicles attain specified steps in development. Only those follicles that reach the right stage at a fixed interval prior to the onset of estrus have a chance to complete developmeat."
The growth of follicles in the mouse appears to be a continuous process with follicles starting to grow from the secondary stage at all times (Pedersen, 1972) . Assurfiing the same is true for the pig, then a certain number of follicles start their development each day of the estrous cycle and only those starting between day-8 and -14 as macroscopically-visible surface follicles will eventually be among the follicles that have the potential to ovulate. The growth that occurred after ovulation (day-2 to-8) may be a carry-over of follicles that were not in synchrony with the ovulatory crop or that were too small to respond to the ovulatory stimulus. The release of FSH soon after ovulation (Wilfinger et al., 1973; Rayford et al., 1974) may stimulate these follicles to grow and then they become atretic due to insufficient LH to cause their ovulation. Also, this release of FSH may act to stimulate the smaller (microscopic) follicles to start their development. However, due to the variation in the size of the follicles and possibly their growth rates, follicles that are not synchronized with the ovulatory crop may exist after ovulation to become the "carry-over" follicles. Two or more waves of follicular development during the estrous cycle also have been proposed for the cow (Rajakoski, 1960; Cupps et al., 1959; Dufour et al., 1972) and the ewe (Smeaton and Robertson, 1971; Brand and de Jong, 1973) .
